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Tests have been conducted i n  t h e  Langley V/STOL tunnel  to determine t h e  
e f f e c t s  of wing leading-edge d e f l e c t i o n  on the  low-speed aerodynamic charac- 
ter istics of a low-aspect-ratio h ighly  swept arrow-wing conf igura t ion .  
The r e s u l t s  of the  i n v e s t i g a t i o n  showed t h a t  leading-edge d e f l e c t i o n  is *. 
e f f e c t i v e  i n  suppressing t h e  formation of leading-edge v o r t i c e s  and promoting 
a t tached  flow condi t ions .  For the  particular model t e s t e d ,  a uniform deflec-  
t i o n  of t he  e n t i r e  l ead ing  edge w a s  required to prevent  t he  occurrence of local 
regions of vor tex  sepa ra t ion  which otherwise o r ig ina t ed  a t  po in t s  where the  
lead ing  edge w a s  d iscont inuous.  Based on ana lys i s  of t h e  f o r c e  and moment 
da t a  and t u f t  g r i d  measurements of the  leading-edge upwash, a uniform deflec-  
t i o n  of  30° w a s  s e l e c t e d  €or d e t a i l e d  study. The r e s u l t i n g  improvements i n  
low-speed performance and l o n g i t u d i n a l  s t a b i l i t y ,  achieved with the  uniform 
30° def l ec t ion ,  were accompanied by marked improvements i n  t h e  wing flaw f i e l d .  
i 
INTRODUCTION 
The Nat iona l  Aeronautics and Space Adminis t ra t ion is c u r r e n t l y  i n v e s t i -  
ga t ing  the  aerodynamic c h a r a c t e r i s t i c s  of advanced a i r c r a f t  concepts capable 
of c r u i s i n g  e f f i c i e n t l y  a t  supersonic  speeds. I n  order  to achieve t h e  des i red  
high l e v e l s  of supersonic  c r u i s e  e f f i c i e n c y ,  these  conceptual  designs t y p i c a l l y  
incorpora te  a low-aspect-rat io  h ighly  swept arraw wing. (See, f o r  example, 
r e f .  1 .) Unfortunately,  such conf igu ra t ions  have t r a d i t i o n a l l y  exhib i ted  s ig-  
n i f i c a n t  d e f i c i e n c i e s  i n  t h e  areas of low-speed performance, s t a b i l i t y ,  and 
con t r 01. 
The p resen t  i n v e s t i g a t i o n  is p a r t  of a broad research  program intended to  
y i e l d  fundamental information necessary to  provide such supersonic  c r u i s e  con- 
cep t s  with acceptab le  low-speed c h a r a c t e r i s t i c s .  Previous low-speed s t u d i e s  
with a model geometr ica l ly  similar to the  p re sen t  model have been reported i n  
re ferences  2, 3 ,  and 4 ,  and a previous s tudy with t h e  model used i n  t h e  p re sen t  
s tudy w a s  repor ted  i n  re ference  5. The s p e c i f i c  i n t e n t  of t he  present  s tudy 
t ics and to explore p o s s i b l e  b e n e f i c i a l  e f f e c t s  provided by a rev ised  leading- 
edge de f l ec t ion .  
7 w a s  to provide a pre l iminary  assessment of t h e  leading-edge upwash charac te r  is- 
The tests were conducted i n  the  Langley V/STOL t unne l  over an angle-of- 
attack range from about -loo to 17O f o r  s i d e s l i p  angles  of Oo and _+5O. 
tests were conducted a t  a Reynolds number (based on the  re ference  mean aerody- 




The long i tud ina l  data are r e f e r r e d  to t h e  s t a b i l i t y  system of axes ,  and 
t h e  l a t e r a l - d i r e c t i o n a l  data are r e f e r r e d  to the  body system of axes as i l l u s -  
trated i n  f i g u r e  1.  The moment re ference  cen te r  for t h e  tests was loca ted  a t  
59.16 percent  of the  r e fe rence  mean aerodynamic chord. The re ference  wing area 
and chord are based on t h e  wing planform which r e s u l t s  from extending t h e  
inboard (74O) leading-edge sweep angle  and the  outboard (41.457O) t ra i l ing-edge  
sweep angle to t h e  model center  l i n e .  (See f i g .  2.) 
The dimensional q u a n t i t i e s  he re in  are given i n  both the  I n t e r n a t i o n a l  
System of Uni t s  (SI )  and t h e  U.S. Customary Units.  Measurements were made i n  
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aspec t  ratio 
wing span, m ( f t )  
Drag 
drag c o e f f i c i e n t  , - 
qs re f  
induced drag c o e f f i c i e n t  
drag c o e f f i c i e n t  of equiva len t  symmetric conf igura t ion  (without t w i s t  
or camber) a t  zero l i f t  
minimum drag c o e f f i c i e n t  
L i f t  
l i f t  c o e f f i c i e n t ,  - 
qs re f  
Rol l ing  moment 
rolling-moment c o e f f i c i e n t ,  
q s r e f b  
P i t ch ing  moment 
qsref ;  
pitching-moment c o e f f i c i e n t ,  
Yawing moment 
qsr e f b  
yawing-moment c o e f f i c i e n t ,  
Side fo rce  
9% e f 
side-force c o e f f i c i e n t  , 
re ference  mean aerodynamic chord, m ( f t )  
f ree-s t ream dynamic pressure ,  Pa ( l b f / f t 2 )  
1 ead i  ng-edge-s uc ti on parameter 
r e fe rence  wing area, m2 ( f t 2 )  
body-axis coord ina te s  
a n g l e  of a t t ack ,  deg 
angle  of s i d e s l i p ,  deg 
t ra i l ing-edge  f l a p  d e f l e c t i o n  normal to  hinge L n e ,  pos 
t r a i l i n g  edge is down, deg 
t i v e  when 
leading-edge d e f l e c t i o n  normal to  hinge l i n e ,  p o s i t i v e  when leading  
edge is down, deg 
d e f l e c t i o n  of l e f t  outboard a i l e r o n  (segment t6L) normal to hinge 
l i n e ,  p o s i t i v e  t r a i l i n g  edge down, deg 
downwash angle ,  deg 
sidewash angle ,  deg 
D e r  i va t  i ves : 
acz 
cw as = -  
M o d e l  component des igna t ions :  
H hor i zon ta l  t a i l  
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L1 , L z , L ~ , L ~  wing leading-edge f l a p  segments (see f i g .  2 ( a ) )  
N flow- through engine n a c e l l e s  
t l  , t 3 , t s r t 6  wing t r a i l i ng -edge  f l a p  segments (see f ig .  2 ( a ) )  
v1,2 
v3 
WB wing-body combination 
Supe r sc r ip t :  
K Krueger f l a p  
outboard v e r t i c a l  f i ns 
cen te r  -1i ne ver ti ca 1 t a  il 
MODEL 
The dimensional c h a r a c t e r i s t i c s  of t h e  model used i n  t h e  p r e s e n t  s tudy  
are l i s t e d  i n  t a b l e  1 and shown i n  f i g u r e  2. The m o d e l ,  which was i n i t i a l l y  
intended f o r  dynamic tests and was of l i gh twe igh t  cons t ruc t ion ,  was i n  con- 
formance with t h e  cruise shape geometry as def ined  i n  r e fe rence  6. A photo- 
graph of t he  model mounted f o r  tests i n  t h e  Langley V/STOL tunne l  is p resen ted  
i n  f i g u r e  3. 
Previous tests with t h i s  model have been r epor t ed  i n  r e fe rence  5. For 
t h e  p r e s e n t  tests the model was configured wi th  flow-through nacelles and t h e  
r ev i sed  fu l l - span  leading-edge f l a p  system shown i n  f i g u r e  2. The r ev i sed  
leading-edge system was obta ined  by extending t h e  e x i s t i n g  hinge l i n e  to p e r m i t  
d e f l e c t i o n  of segments L2 and L3. 
30°, and 45O were provided f o r  segments L l ,  L2, and L3, whereas a cont inuous  
d e f l e c t i o n  c a p a b i l i t y  was provided f o r  segment L4. I n  add i t ion ,  segment L4 
cou ld  be rep laced  with a Krueger f l a p  as shown i n  f i g u r e  2. 
(See f i g .  2.) Discrete d e f l e c t i o n s  of Oo, 
TESTS AND CORRECTIONS 
Due to  the  l i gh twe igh t  c o n s t r u c t i o n  of t he  model, s ta t ic  force tests 
were l imi t ed  to dynamic p r e s s u r e s  of about 335 Pa ( 7  l b f / f t 2 ) .  
dynamic pressure r e s u l t e d  i n  a Reynolds number (based on t h e  r e fe rence  mean 
aerodynamic chord) of 2.0 x lo6,  a t  a corresponding Mach number of 0.07. 
a n g l e  of a t tack ranged from -loo to 17O and t h e  ang le s  of s i d e s l i p  were Oo and 
+5O. 
edge f l a p  d e f l e c t i o n s .  For purposes of t he  p r e s e n t  s tudy ,  t h e  nacelles and 
outboard v e r t i c a l  f i n s  were regarded as i n t e g r a l  parts of t h e  wing, and no 
attempt was made to isolate t h e i r  e f f e c t s .  Limited tests were conducted to 
determine the  in f luence  of wing leading-edge d e f l e c t i o n  on hor izonta l -  and 
ver t ica l - ta i l  e f f e c t i v e n e s s .  
This value o f  
The 
The p r i n c i p a l  conf igu ra t ion  v a r i a b l e s  were wing leading- and t r a i l i n g -  
I n  a d d i t i o n  to t h e s e  tests, flow v i s u a l i z a t i o n  s t u d i e s  were conducted to 
provide a q u a l i t a t i v e  assessment of t he  leading-edge upwash c h a r a c t e r i s t i c s  by 
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using the  t u f t  m a s t  arrangement shown schemat ica l ly  i n  f i g u r e  4. Limited smoke 
flow v i s u a l i z a t i o n  tests were also conducted to a i d  i n  determining t h e  e f f e c t s  
of wing leading-edge d e f l e c t i o n  on the  flow f i e l d  over t he  wing surface.  
The data presented  have been co r rec t ed  f o r  jet-boundary e f f e c t s  by using 
t h e  theory  ou t l ined  i n  re ference  7. The da ta  have also been corrected fo r  
flow angu la r i ty  by using the  technique of re ference  8. Blockage and buoyancy 
e f f e c t s  have been determined to be n e g l i g i b l e  by the  methods of re ference  8. 
Trans i t i on  strips were placed on t h e  wing and t h e  ho r i zon ta l  and v e r t i c a l  t a i l s  
i n  accordance with t h e  method of re ference  9. 
PRESENTATION OF RESULTS 
A d a t a  supplement conta in ing  a sumnary of t he  test program and a t abu la r  
l i s t i n g  of da t a  is presented  as an appendix. The r e s u l t s  and d i scuss ion  are 
presented i n  accordance wi th  t h e  fol lowing o u t l i n e :  
Figure 
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RESULTS AND DISCUSSION 
Longitudinal  Aerodynamic C h a r a c t e r i s t i c s  
Leading-edge conf igu ra t ion  s t u d i e s  .- Previous law-speed experimental  
s t u d i e s  (see, f o r  example, r e f s .  3, 4 ,  and 5 )  have shown t h a t  t he  b a s i c  wing- 
body-outboard-vertical-fin combination e x h i b i t s  a marked l o n g i t u d i n a l  i n s t a -  
b i l i t y  ( r e f e r r e d  to as pitch-up) and a degradat ion of performance a t  r e l a t i v e l y  
l o w  angles  of attack. These previous  i n v e s t i g a t i o n s  have ind ica t ed  t h a t  t h i s  
mar k e d  l o n g i t u d i n a l  i n s t a b i l i t y  and the  degradat ion of performance are associ- 
ated with separated flow e f f e c t s ,  which r e s u l t  from high local angles  of attack 
a t  the  wing leading  edge. Owing to the  high leading-edge sweep of the  present  
conf igura t ion ,  t h e  separa ted  flow forms t h e  classical leading-edge vo r t ex  sys- 
t e m .  I n  an attempt to more c l o s e l y  approximate the  design condi t ion  of a t tached  
flow, and thereby to a l l e v i a t e  t he  d e f i c i e n c i e s  mentioned, recent  s t u d i e s  have 
considered cond i t ions  wherein l i m i t e d  po r t ions  of t he  lead ing  edge (correspond- 
ing  to segments L1 and L4 i n  t h e  p re sen t  no ta t ion)  have been de f l ec t ed .  
, 
Figure  5 p r e s e n t s  t he  s ta t ic  l o n g i t u d i n a l  aerodynamic c h a r a c t e r i s t i c s  
ob ta ined  during the p r e s e n t  s tudy  f o r  t h e  wing-body-outboard-vertical-fin 
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combination configured wi th  (1 ) undeflected l ead ing  edges and (2)  de f l ec t ed  
l ead ing  edges wi th  L1 = 30° and L4 replaced wi th  a 45O Krueger flap. (See 
f i g .  2(b) f o r  detai ls  of Krueger f l a p . )  A l s o  p resented  are the  t h e o r e t i c a l  
drag polars corresponding to t h e  condi t ions  of (1) minimum induced drag 
(1 00 percent  leading-edge suc t ion )  and (2)  f u l l  leading-edge sepa ra t ion  with 
no subsequent f l m  reattachment ( 0  percent  leading-edge s u c t i o n ) .  These con- 
d i t i o n s  are def ined  he re in  as 
CL2 
cD = cD,sym + 
and 
CL 
CD = C D , ~ ~  + CL tan  - 
where C D , ~ ~  r ep resen t s  t he  z e r o - l i f t  drag c o e f f i c i e n t  f o r  t he  equiva len t  
symmetric (no t w i s t  or camber) conf igura t ion .  The value of C D , ~ ~  has been 
estimated for the  p re sen t  model tests from the  r e l a t i o n s h i p  
CL2 I 
I cD , m i  n 
TA 
cD,sym = CD,min - (3)  
Evaluat ion of equat ion ( 3 )  y i e l d s  C D , ~ ~  = 0.0158. The v a l u e  of CLcl has 
been determined exper imenta l ly  ( fo r  t he  l i n e a r  region of CL plotted a g a i n s t  
a) to be 0.036, which is i n  agreement with the  r e s u l t s  obtained by using a 
simple v o r t e x - l a t t i c e  t h e o r e t i c a l  m o d e l .  (See r e f .  10 f o r  a desc r ip t ion  of t h e  
v o r t e x - l a t t i c e  program.) It  should be noted t h a t  equat ions (1)  and (2)  are, of 
course, v a l i d  only  f o r  symmetric wings with no t w i s t  or camber and are presented  
he re in  s o l e l y  to p e r m i t  t he  aerodynamic performance (achieved by the  va r ious  
leading-edge t rea tments )  to be quan t i f i ed .  This  is accomplished by in t roducing  
t h e  leading-edge-suction parameter S (see re f .  11 f o r  a comprehensive discus- 
s ion  of leading-edge suc t ion )  defined here in  as 
C D , ~ ~  + CL t an  - 
s =  \ ( 4 )  
CL2 CL - -  CL t a n  - 
TA cLcl 
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It should be f u r t h e r  noted t h a t  i n  equat ions  ( 2 )  and ( 4 ) ,  t h e  q u a n t i t y  
CL t an  ( C L / C ~ )  
(See ref. 1 1  .) This  p r e s e n t  n o t a t i o n  has been introduced to insu re  a common 
b a s i s  f o r  comparison of leading-edge s u c t i o n  f o r  t h e  va r ious  leading-edge 
t rea tments .  
has been used i n  place of t h e  more customary CL t a n  a. 
From f i g u r e  5 ,  it can be seen t h a t  t h e  particular combination of def lec-  
t i o n s  (L1 = 30°, L4 = 450K)  resu l t s  i n  a reduct ion  i n  vo r t ex  l i f t .  (The 
s u p e r s c r i p t  K indicates a Krueger f l a p  as shown i n  f i g .  2 ( b ) . )  I n  a d d i t i o n ,  
t h e r e  is a b e n e f i c i a l  r educ t ion  i n  pitch-up and a small r educ t ion  i n  drag for 
CL > 0 . 3 .  Evalua t ion  of t h e  leading-edge suc t ion ,  as d iscussed  i n  a subse- 
quent  s e c t i o n ,  shows t h a t  with 6 1 e  = Oo, t h e  conf igu ra t ion  achieves  va lues  of 
leading-edge s u c t i o n  of on ly  about 55 percen t  and t h a t  leading-edge d e f l e c t i o n  
with L1 = 30° and L4 = 450K r e s u l t s  i n  only  modest increases. These rela- 
t i v e l y  l o w  va lues  o f  S indicate t h a t  t h e  flow is only  p a r t i a l l y  a t t ached  
along t h e  lead ing  edge. 
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Figure  6 p r e s e n t s  r e s u l t s  of tests conducted to determine t h e  r e l a t i v e  
e f f e c t  of inc reas ing  the  d e f l e c t i o n  of leading-edge segment E l .  A s  can be 
seen, i nc reas ing  the  d e f l e c t i o n  from 30° to  45O had no b e n e f i c i a l  e f f e c t  o n  
pitch-up and exh ib i t ed  an adverse e f f e c t  on drag. 
I n  order to provide  some i n s i g h t  i n t o  t h e  f l o w  characterist ics along t h e  
wing leading  edge, t h e  t u f t  mast arrangement i l l u s t r a t e d  i n  f i g u r e  4 w a s  used. 
F igure  7 p r e s e n t s  photographs of t h e  t u f t s ,  taken with t h e  mast l oca t ed  a t  
v a r i o u s  leading-edge s t a t i o n s .  Although t h e  experimental  accuracy of t h i s  
technique f o r  measuring upwash has not y e t  been determined, it is be l i eved  
t h a t  t h e  r e s u l t s  are a t  least  q u a l i t a t i v e l y  i n d i c a t i v e  of r e l a t i v e  f l o w  angu- 
l a r i t y .  F igure  8 shows a comparison of t h e  upwash observed us ing  t h e  t u f t  
m a s t  arrangement and t h e  t h e o r e t i c a l  upwash c a l c u l a t e d  using t h e  l i n e a r  vortex- 
l a t t i c e  program descr ibed  i n  r e fe rence  10. Both t h e  observed and t h e  t h e o r e t i -  
ca l  r e s u l t s  are presented  for a l o c a t i o n  o f  0.019; forward of t h e  wing l ead ing  
edge with the  model a t  a = loo. As can be seen, t h e  agreement between t h e  
observed and t h e o r e t i c a l  r e s u l t s  is q u i t e  poor; however, t h e  g e n e r a l  t rend  of 
i nc reas ing  upwash with inc reas ing  spanwise l o c a t i o n  is c o n s i s t e n t .  
Based on these  d a t a ,  it appeared t h a t  i nc reas ing  the  spanwise e x t e n t  of 
t h e  leading-edge d e f l e c t i o n ,  beyond segment L1, would be an appropriate means 
improving the performance of t h e  conf igura t ion .  Accordingly, t h e  wing was 
modified to  p e r m i t  t h e  d e f l e c t i o n  of t he  leading-edge segments subsequently 
denoted as  L2 and L 3 .  (See f i g .  2 . )  I n  t h e  i n t e r e s t  of b r e v i t y ,  t h e  leading- 
edge d e f l e c t i o n s  are denoted as = L I / L ~ / L ~ / L ~ .  For example, a leading-edge 
d e f l e c t i o n  6 , e  = 15°/300/450/450K 
t h e  segment d e f l e c t i o n s  were L1 = 1 5 O ,  L2 = 30°, L3 = 4S0, and L4 = 45O. 
1 f o r  improving the  flow attachment along t h e  wing l ead ing  edge and subsequently 
would correspond to  a cond i t ion  f o r  which 
During t h i s  phase of t h e  i n v e s t i g a t i o n ,  smoke flow v i s u a l i z a t i o n  tests 
were conducted to e v a l u a t e  t h e  e f f e c t  of d e f l e c t i n g  v a r i o u s  combinations of 
L l ,  L2 ,  and L3.  I n  a l l  cases observed, when a d i s c o n t i n u i t y  e x i s t e d  along t h e  
l ead ing  edge as a r e su l t  of nonuniform d e f l e c t i o n s  of segments L l ,  L2,  and L3,  
a d i s t i n c t  vo r t ex  core formed a t  t h e  p o i n t  of t h e  d i s c o n t i n u i t y .  This phe- 
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nomenon was found to  persist, even through attempts to reduce t h e  s u r f a c e  
d i s c o n t i n u i t i e s  by t h e  i n t r o d u c t i o n  of f a i r i n g s  between ad jacen t  segments. 
Therefore ,  to e l i m i n a t e  t h e  vo r t ex  s e p a r a t i o n ,  a uniform d e f l e c t i o n  (i.e.,  
L1 = L2 = L3) was cons idered  necessary.  Based on t h e  observed l e v e l s  o f  
upwash and t h e  p rev ious ly  d iscussed  adverse effects encountered when segment 
L1 was ove rde f l ec t ed ,  a leading-edge d e f l e c t i o n  of 30° w a s  s e l e c t e d .  It is 
recognized, of course ,  t h a t  t h e  high sweep of t h e  leading-edge hinge l i n e  
would, based on simple sweep theory ,  g r e a t l y  i n c r e a s e  t h e  angular d e f l e c t i o n  
r equ i r ed  to a l i g n  the  l ead ing  edge with t h e  upwash. However, smoke f low 
v i s u a l i z a t i o n  tests i n d i c a t e d  t h a t  t h e  incoming flow was approximately per- 
h inge- l ine  sweep d id  not i n f luence  t h e  s e l e c t i o n  of t h e  leading-edge def lec-  
t i o n .  Figure 9 p r e s e n t s  t h e  r e s u l t s  ob ta ined  for t h e  conf igu ra t ion  with 4 
pendicular  to t h e  leading-edge hinge l i n e .  Based on t h i s  observa t ion ,  t h e  P, 
61, = 30°/300/300/00. 4 A l s o  shown f o r  purposes of comparison are p rev ious ly  
d iscussed  data f o r  t h e  conf igu ra t ion  with 61, = Oo (undef lec ted  l ead ing  1 
j edges) and 61, = 30°/00/00/00. Comparison of t h e  drag polars shows t h a t  sub- s t a n t i a l  reduct ions  i n  induced drag are achieved by d e f l e c t i n g  t h e  e n t i r e  lead- ing  edge of t h e  main wing s t r u c t u r e .  Smoke flow v i s u a l i z a t i o n  s t u d i e s  showed 
t h a t  t h e  measured r educ t ion  i n  induced drag  was accompanied by marked improve- 
ments i n  t h e  flaw over t h e  main wing s t r u c t u r e ,  as might be a n t i c i p a t e d .  , 
I t  should be recalled t h a t  t h e  30° d e f l e c t i o n  of t h e  l ead ing  edge evolved 1 
i n  order to p rese rve  leading-edge s u r f  ace c o n t i n u i t y  and to avoid ove rde f l ec t -  li 
leading-edge conf igu ra t ion .  I n  par t icular ,  t h e  upwash measurements i n d i c a t e  Y 
t h a t  t h e  inboard p o r t i o n  of the  leading-edge f l a p  is probably overdef lec ted .  4 
One approach, which could reduce t h e  adverse e f f e c t s  o f  ove rde f l ec t ing  t h e  ! 
wing apex, and which would p e r m i t  a uniform leading-edge d e f l e c t i o n ,  may be 1 
1 
B ing t h e  wing apex. Thus, t h e  30° d e f l e c t i o n  does not  r ep resen t  t he  optimum 
to simply inc rease  t h e  sweep of t h e  leading-edge hinge l i n e  while moving t h e  
p o i n t  of i n t e r s e c t i o n  of t h e  hinge l i n e  and t h e  s i d e  of t h e  body forward. 
This  modi f ica t ion  could reduce t h e  d e f l e c t e d  area a long  t h e  span of segment Ll, 




PI I n  a d d i t i o n  to d e f l e c t i n g  t h e  l ead ing  edge of t h e  main wing panel ,  it would be expected t h a t  appropriate d e f l e c t i o n  of t he  l ead ing  edge of t he  ou t -  
board wing pane l  (segment L4) could provide f u r t h e r  improvements i n  t h e  l o w -  
speed performance and l o n g i t u d i n a l  s t a b i l i t y .  F igures  10  and 11 show the  
resu l t s  obta ined  f o r  simple d e f l e c t i o n s  of segment L4 and a lso show t h e  r e s u l t s  
ob ta ined  with a 45O Krueger f lap.  Examination of t he  d a t a  i n d i c a t e s  t h a t  t he  
is about equa l  and t h a t  both d e f l e c t i o n s  resulted i n  s l i g h t l y  better per for -  
mance than d i d  t h e  o ther  d e f l e c t i o n s  considered. The corresponding long i tu -  
d i n a l  s t a b i l i t y  c h a r a c t e r i s t i c s  are presented  i n  f i g u r e  11.  As can be seen, 
t h e  30° d e f l e c t i o n  r e s u l t e d  i n  a f a i r l y  l i n e a r  v a r i a t i o n  of Cm with CL; how- 
f 
t 
performance b e n e f i t  provided by simply d e f l e c t i n g  segment L4 e i t h e r  20° or 30° i 
I 
I e v e r ,  some n o n l i n e a r i t y  is st i l l  apparent a t  higher angles  of attack. Smoke $ 
flow obse rva t ions  showed t h a t  for t h e  region over which Cm var ied  l i n e a r l y  I 
1 with CL, t h e  flow over the  outboard pane l  remained f a i r l y  w e l l  a t tached .  
F igure  12 provides  a d i r e c t  comparison of t h e  l o n g i t u d i n a l  aerodynamic i 
P c h a r a c t e r i s t i c s  of t h e  model configured with ( 1 )  
(2) 61e = 30°/00/00/450K and (3) 61e = Oo (undef lec ted  l ead ing  edges) .  
Analysis of t he  data shows t h a t  whereas t h e  wing-body-utboard-vertical-fin 
61e = 30°/300/300/300, 
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combination with 6 = 30°/00/00/450K experienced a g radua l  pitch-up f o r  
a > 6O, t h e  corresponding conf igu ra t ion  with 
t h e  occurrence of pitch-up to a = 1l0. ( I t  should be noted, however, t h a t  t h e  
pitch-up, although delayed, is more abrupt.)  Furthermore, t h e  leading-edge 
d e f l e c t i o n  61e = 30°/300/300/300 is seen to r e s u l t  i n  s u b s t a n t i a l  reduct ions  
i n  induced drag, or e q u i v a l e n t l y  improved performance, f o r  CL > 0.2. I t  
should,  of c o u r s e ,  be noted t h a t  t he  reduct ions  i n  vortex-induced pitch-up and 
vortex-induced drag are d i r e c t l y  related to reduct ions  i n  vo r t ex  l i f t .  
b Z e  = 30°/300/300/300 postponed 
Trail ing-edge f l a p  e f f ec t iveness . -  The segmented t r a i l i ng -edge  f lap  system 
descr ibed  normal to t h e  r e s p e c t i v e  f l a p  hinge l i n e s .  A t r a i l i ng -edge  f l a p  set- 
t i n g  w r i t t e n  6 f  = 4O0/3Oo/2O0 
t r a i l i ng -edge  f l a p  segments t l  are d e f l e c t e d  40°, t h e  midspan segments t 3  are 
d e f l e c t e d  30°, and t h e  outer  f l a p  segments t 5  are d e f l e c t e d  20°. 
. is shown i n  f i g u r e  2. The angular d e f l e c t i o n  of t h e  i n d i v i d u a l  segments is 
corresponds to a cond i t ion  wherein t h e  inboard 
F igure  13 p r e s e n t s  t h e  t r a i l i ng -edge  f l a p  e f f e c t i v e n e s s  fo r  t he  wing- 
b o d n u t b o a r d - v e r  ti cal- f i n  combi na t ion  with var i ous leading-edge de f 1 ec ti ons . 
Canparison of t h e  d a t a  of f i g u r e  1 3 ( c )  with t h e  da t a  of f i g u r e s  1 3 ( a )  and 13 (b )  
shows t h a t  a s l i g h t  improvement i n  t r a i l i ng -edge  f l a p  e f f e c t i v e n e s s  was achieved 
by d e f l e c t i n g  the  e n t i r e  lead ing  edge 30°. For example, a n a l y s i s  of t he  d a t a  
of f i g u r e  13 shows t h a t  a t  an assumed approach angle  of a t tack  of Bo, with  
of about 
cL6 f 
= Oo, t h e  c o n f i g u r a t i o n  e x h i b i t s  an average va lue  f o r  
cQ f 0.0067. However, with 6 = 30°/300/300/300 t h e  corresponding va lue  of 
is increased  to 0.0081. The l a t t e r  va lue  is considered to  be i n  reasonable  
agreement with t h e  t h e o r e t i c a l  r e s u l t  of 
r e s u l t  was obta ined  by using the  p rev ious ly  mentioned v o r t e x - l a t t i c e  repre- 
s e n t a t i o n  of t he  conf igu ra t ion .  The improvement i n  t r a i l i ng -edge  f l a p  e f f  ec- 
t i v e n e s s  is, of c o u r s e ,  d i r e c t l y  r e l a t e d  to t he  improved flow cond i t ions  
achieved by t h e  leading-edge d e f l e c t i o n  and se rves  to  emphasize t h a t  t h e  devel- 
opment of an e f f i c i e n t  t r a i l i ng -edge  f l a p  system is s t r o n g l y  dependent on t h e  
development of an e f f e c t i v e  leading-edge system. 
= 0.0088. This t h e o r e t i c a l  cQ f 
The d a t a  of f i g u r e  13 also s h o w  t h a t  d e f l e c t i n g  the  e n t i r e  lead ing  edge 
30°, with t h e  t r a i l i n g  edge d e f l e c t e d ,  resu l ted  i n  s u b s t a n t i a l  reduct ions  i n  
induced drag  (or equ iva len t  i nc reases  i n  leading-edge s u c t i o n ) ,  fo r  t h e  l o w -  
speed o p e r a t i o n a l  range of 0.3 < CL < 0.7.  This  r e s u l t  is sumnarized i n  f i g -  
u r e  1 4 ,  which shows t h e  p rev ious ly  d iscussed  leading-edge-suction parameter S 
plotted as a f u n c t i o n  of CL. The resu l t s  presented  were ob ta ined  by con- 
s t r u c t i n g  the envelope of t h e  drag polars fo r  t he  va r ious  t r a i l i ng -edge  f l a p  
d e f l e c t i o n s .  
r e s u l t s  i n  s u b s t a n t i a l  i nc reases  i n  leading-edge s u c t i o n  r e l a t i v e  to both t h e  
undef lec ted  cond i t ion ,  
For example, r e l a t i v e  to 61, = Oo, 61e = 30°/300/300/300 provides  approxi- 
mately a 31-percent i n c r e a s e  i n  leading-edge s u c t i o n  a t  an assumed second- 
segment-climb lift c o e f f i c i e n t  of 0.35 and about a 22-percent i nc rease  a t  
an assumed approach l i f t  c o e f f i c i e n t  of 0.6. By contrast, t h e  leading-edge 
d e f l e c t i o n  with B Z e  = 30°/00/00/450K provided only  6- and 11-percent 
i n c r e a s e s  a t  t h e s e  r e s p e c t i v e  l i f t  c o e f f i c i e n t s .  
As can be seen, t he  leading-edge d e f l e c t i o n  61e. = 30°/300/300/300 
61e  = Oo, and t h e  cond i t ion  with 6,, = 30°/00/00/450K. 
9 
$ 
The e f f e c t  of Reynolds number on leading-edge s u c t i o n  has been d iscussed  1 
i n  r e fe rence  11. The results presented  t h e r e i n  i n d i c a t e  t h a t  i n c r e a s i n g  t h e  
Reynolds number from the  l o w  values of t he  p r e s e n t  tests to a c t u a l  f l i g h t  V a l -  
ues w i l l  r e s u l t  i n  on ly  modest i n c r e a s e s  i n  leading-edge s u c t i o n  f o r  t h e  sepa- 
r a t e d  flow cond i t ion  (e.g., t h e  cond i t ions  d iscussed  h e r e i n  wi th  61e = Oo or 
6 l e  = 30°/00/00/450K). 
achieved with 
pronounced increases i n  leading-edge s u c t i o n .  (See f i g .  8 of r e f .  11.)  Based 
on these  resul ts  it would appear t h a t  t h e  l e v e l  of leading-edge s u c t i o n  
achieved by the  uniform 30° d e f l e c t i o n  is conserva t ive .  Furthermore, t h e  
f avorab le  increment i n  leading-edge s u c t i o n  provided by t h e  uniform 30° de f l ec -  P 
t i o n  ( r e l a t i v e  to t h e  separa ted  flow, = Oo or 6 2 e  = 30°/00/00/450K) is 
also conserva t ive .  I 
However, f o r  f a i r l y  w e l l  a t t ached  flow cond i t ions  (as  





It should be noted t h a t  although the  performance of t h e  c o n f i g u r a t i o n  
was g r e a t l y  improved by the  p r e s e n t  leading-edge treatment, t h e  d a t a  of f i g -  
to a progress ive  r educ t ion  i n  t h e  ang le  of a t tack a t  which the  onse t  of p i tch-  
accompanies tr a il i ng-edge de f 1 ec ti on. The increased  c i r c u l a t i o n  appa ren t ly  
results i n  leading-edge sepa ra t ion  and, poss ib ly ,  a r e l a t e d  reduct ion  i n  
t r a i l i ng -edge  f l a p  e f f e c t i v e n e s s .  Based on t h e  resul ts  obta ined  with t h e  1 
t r a i l i n g  edge undef lec ted ,  it would appear t h a t  a s u i t a b l e  d e f l e c t i o n  schedule  
f o r  t he  leading- and t r a i l i ng -edge  systems may be devised to  a l l e v i a t e  t h e  
u r e  13 (c) show t h a t  p rog res s ive ly  inc reas ing  t h e  t r a i l i ng -edge  d e f l e c t i o n  l e a d s  





1 pitch-up cha rac t e r  istics f o r  t h e  h i g h - l i f t  con f igu ra t ion .  
Hor i zon ta l - t a i l  e f f ec t iveness . -  Figure 15 p r e s e n t s  t h e  h o r i z o n t a l - t a i l  
e f f e c t i v e n e s s  f o r  t h e  model w i t h 6 f  = 20°/200/200 and having t h e  leading-edge 
geometries previous ly  compared. Data are presented  for a range of inc idences  
of t h e  all-movable ho r i zon ta l  t a i l  from loo to -20° ( p o s i t i v e  when l ead ing  edge 
is up).  
I 
As i l l u s t r a t e d  i n  r e fe rences  4 and 5, t h e  p r e s e n t  s tudy  shows t h a t  while 
t h e  h o r i z o n t a l  t a i l  provides  only  a small c o n t r i b u t i o n  to l o n g i t u d i n a l  s t a b i l -  
i t y ,  it is e f f e c t i v e  i n  provid ing  l o n g i t u d i n a l  c o n t r o l .  The r e l a t i v e l y  small 
s t a b i l i z i n g  e f f e c t  provided by t h e  h o r i z o n t a l  t a i l  is, of course, d i r e c t l y  
r e l a t e d  to r e l a t i v e l y  high va lues  of t he  downwash f a c t o r  (i.e.,  aE/aa )  as 
measured i n  r e fe rence  2 .  Owing to the  observed changes i n  the  wing flow f i e l d  
when the  e n t i r e  l ead ing  edge is de f l ec t ed ,  t h e  p r e s e n t  phase of t h e  study was 
intended to  determine whether t h e  modified leading-edge geometry would impact 
t h e  t a i l  e f f e c t i v e n e s s  by a l t e r i n g  the  downwash i n  t h e  v i c i n i t y  of t h e  hori-  
z o n t a l  t a i l .  As can be seen by comparison of f i g u r e s  1 5 ( a )  and 1 5 ( b ) ,  t h e  
h o r i z o n t a l - t a i l  c o n t r i b u t i o n  to l o n g i t u d i n a l  s t a b i l i t y  and l o n g i t u d i n a l  c o n t r o l  
is v i r t u a l l y  t h e  same fo r  both deflected-leading-edge geometries s tud ied .  
Lateral-D i r  ec t i o n a l  Character isti cs 
E f f e c t  of leading-edge def lec t ion . -  Previous  s t u d i e s  of similar configura- 




wing leading  edge may have a s i g n i f i c a n t  e f f e c t  on l a t e r a l - d i r e c t i o n a l  s t a b i l -  
i t y .  Figure 16 p r e s e n t s  the values  of t h e  s t a b i l i t y  d e r i v a t i v e s  Cq, C z g ,  
and Cy as a func t ion  of  angle  of attack f o r  t he  wing-body--outboard- 
v e r t i c a l -  f i n  combination with t h e  var ious  leading-edge d e f l e c t i o n s  s tudied.  
As can be seen,  t h e  conf igu ra t ion  with the  undeflected leading  edge e x h i b i t s  
stable values  of t h e  d i r e c t i o n a l  s t a b i l i t y  d e r i v a t i v e  and t h e  l e v e l  of 
s t a b i l i t y  inc reases  with increas ing  ang le  of attack. This r e s u l t  has been 
ref. 12) and has been a s soc ia t ed  with the  i n t e r a c t i o n  of the  wing-apex 
v o r t i c e s  on t h e  forward p o r t i o n  of t he  conf igura t ion .  The data of f i g u r e  16 
also show t h a t  employing e i t h e r  of t he  deflected leading-edge geometries (i. e. , 
e i t h e r  61, = 30°/00/00/450K or 61e = 30~/3O0/3O~/3O0) r e s u l t s  i n  reduced 
values  of Cng. 
v e r t i c a l l y  projected area and vo r t ex  suppression,  which results from t h e  
leading-edge de f l ec t ion .  It  is i n t e r e s t i n g  to note  t h a t  w h i l e  t he  leading-edge 
d e f l e c t i o n  6 = 30°/300/300/300 provided improvements i n  performance and lon- 
g i t u d i n a l  s t a b i l i t y ,  r e l a t i v e  to the  conf igura t ion  with 
it d id  so without any s i g n i f i c a n t  a d d i t i o n a l  compromise of the  lateral- 
d i r e c t i o n a l  c h a r a c t e r i s t i c s .  
B 
Cq 
L observed f o r  other  h ighly  swept arrow-wing concepts  (see, f o r  example, 
This  r e s u l t  is simply due to the  combined e f f e c t  of increased 
6,, = 30°/00/00/450K, 
The l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  charac te r  istics of t h e  complete con- 
f i g u r a t i o n  are presented  i n  f i g u r e  17. Analysis of the  t a i l -on  and t a i l - o f f  
data shows t h a t  t h e  p a r t i c u l a r  hor izonta l -  and v e r t i c a l - t a i l  arrangement 
provides  an incremental  c o n t r i b u t i o n  to Cng of about 0.001. This  r e s u l t  is 
i n  e x c e l l e n t  agreement with results i n  re ference  5 f o r  t h e  model configured 
wi th  
edge does not s i g n i f i c a n t l y  a f f e c t  t h e  sidewash characteristics (i.e. , 
a t  the  t a i l  l oca t ion .  This  r e s u l t  might be a n t i c i p a t e d ,  based on the  r e s u l t s  
of t he  previous s e c t i o n  which ind ica t ed  t h a t  t he  rev ised  leading-edge t reatment  
d i d  not  s i g n i f i c a n t l y  a f f e c t  the downwash c h a r a c t e r i s t i c s  i n  the  v i c i n i t y  of 
the ho r i zon ta l  tai l .  
6,, = 30°/00/00/450K, which i n d i c a t e s  t h a t  d e f l e c t i n g  the  e n t i r e  lead ing  
aO/a@) 
Aileron e f f e c t i v e n e s s  .- The data of t he  preceding s e c t i o n  show t h a t  t he  
conf igu ra t ion  e x h i b i t s  r e l a t i v e l y  high l e v e l s  of t h e  e f f e c t i v e  d i h e d r a l  deriv- 
% a t i v e  C Z B .  (See f i g s .  16 and 17.)  Previous analyses  (see r e f .  13)  of t h i s  
conf igu ra t i an  have shown t h a t  such l e v e l s  of e f f e c t i v e  d ihedra l ,  when coupled 
i n  t h e  l a t e r a l - d i r e c t i o n a l  handling qua l i t i es  and also i n  t h e  i n a b i l i t y  to m e e t  
c u r r e n t  s tandard  cross wind landing  cri teria.  
c with  r e l a t i v e l y  low l e v e l s  of a v a i l a b l e  la teral  c o n t r o l ,  r e s u l t  i n  d e f i c i e n c i e s  
The a n a l y s i s  of r e fe rence  5 has shown t h a t  one p o t e n t i a l  s o l u t i o n  to t h e  
la teral  c o n t r o l  de f i c i ency  is to augment the  rol l  c o n t r o l  produced by the  out- 
board a i l e r o n  wi th  t h a t  ob ta ined  from d i f f e r e n t i a l  d e f l e c t i o n  of t h e  t r a i l i n g -  
edge f l a p s ;  however, such a scheme also resul ts  i n  an undesirable reduct ion  
i n  t h e  low-speed o p e r a t i o n a l  l i f t  c o e f f i c i e n t .  The more d e s i r a b l e  approach 
11 
would, of course ,  be to provide the  conf igu ra t ion  with an inc rease  i n  a i l e r o n  
e f f ec t iveness .  
Inasmuch as the  r e l a t i v e  ine f f ec t iveness  of the  outboard a i l e r o n s  is con- 
s idered  to be d i r e c t l y  related to t h e  p rev ious ly  d iscussed  separated flow over 
t h e  outboard panels ,  leading-edge t rea tments  which provide improved longi tudi -  
na l  s t a b i l i t y  would also be expected to y i e l d  improved a i l e r o n  e f f ec t iveness .  
Figure 18 summarizes the  rolling-moment data obtained by d e f l e c t i n g  t h e  l e f t  
outboard a i l e r o n  (segment t6L) of t h e  m o d e l .  Resu l t s  are presented  f o r  t h e  
model configured wi th  the  leading-edge d e f l e c t i o n  of 62e = 30°/300/300/300 
a t  an assumed approach angle  of attack of 8O. A l s o  shown, f o r  purposes of 
comparison, are comparable results obtained from the  da t a  of re ference  5 
f o r  which the  leading-edge' d e f l e c t i o n  was 6 = 30°/00/00/450K. Compari- 
son of t he  i n i t i a l  slopes of t he  data shows t h a t  t he  conf igura t ion  with 
62e = 30°/300/300/300 
eral  cont ro l .  This r e s u l t  would be expected because of t he  prev ious ly  dis-  
cussed improvements i n  flow over the  outboard panel.  It  should be noted, how- 
ever ,  t h a t  f o r  higher d e f l e c t i o n s  of segment t6L, t he  a i l e r o n  e f f e c t i v e n e s s  
with e i t h e r  of t he  leading-edge geometries is somewhat similar. I n  particular, 
f o r  l a r g e  upward (negat ive)  d e f l e c t i o n s  of t6L, t he  curves coalesce as would be 
expected, and f o r  l a r g e  downward ( p o s i t i v e )  d e f l e c t i o n s  of t6L, t he  curves are 
about parallel. 
i nc reases  above loo def l ec t ion .  This  r e s u l t  is i n  agreement with t h e  previ-  
ous ly  discussed r e s u l t s  f o r  t he  t ra i l ing-edge  f l a p  system from which it w a s  
concluded t h a t  t he  increased  l i f t  and c i r c u l a t i o n  accompanying t ra i l ing-edge  
d e f l e c t i o n  r e s u l t s  i n  an inc rease  i n  upwash and, consequently,  leading-edge 
separa t ion .  Therefore,  it may be requi red  to schedule  t h e  d e f l e c t i o n  of t h e  
leading-edge f l a p s  with both a i l e r o n s  and t ra i l ing-edge  f l a p s  to prevent  f law 
separa t ion  on t he  outboard wing panels.  
o f f e r s  t he  p o t e n t i a l  f o r  s u b s t a n t i a l  i nc reases  i n  lat- 
The da ta  of  f i g u r e  18 suggest  partial  flow sepa ra t ion  as t6L 
SUMMARY OF RESULTS 
The resul ts  of low-speed wind-tunnel tests to determine t h e  e f f e c t s  of 
wing leading-edge d e f l e c t i o n  on a law-aspect-ratio h ighly  swept arrow-wing 
conf igura t ion  may be summarized as follows: 
Flaw v i s u a l i z a t i o n  s t u d i e s  and t h e o r e t i c a l  c a l c u l a t i o n s  of t he  wing 
leading-edge upwash cha rac t e r  istics both show t h a t  t h e  upwash inc reases  i n  
t h e  spanwise d i r e c t i o n .  Therefore,  leading-edge d e f l e c t i o n  would appear to 
be of particular importance f o r  t h e  outboard p o r t i o n  of t h e  wing. 
Wing leading-edge d e f l e c t i o n  is e f f e c t i v e  i n  suppressing the  formation of 
leading-edge v o r t i c e s  and promoting a t tached  f law condi t ions .  However, f o r  t h e  
p a r t i c u l a r  model tested, a continuous d e f l e c t i o n  of t he  e n t i r e  lead ing  edge w a s  
requi red  to prevent  t h e  occurrence of local regions of vo r t ex  sepa ra t ion  which 
otherwise o r i g i n a t e d  a t  po in t s  of leading-edge d i scon t inu i ty .  
Def lec t ing  the  e n t i r e  wing leading  edge 30° e f f e c t i v e l y  postpones t h e  
pitch-up of t he  b a s i c  wing-body-outboard-vertical-fin conf igura t ion  to about 
1l0. However, t ra i l ing-edge  f l a p  d e f l e c t i o n  reduces t h e  angle  of attack a t  
1 2  
which pitch-up occurs .  This result is apparent ly  due to the increased c i r cu la -  
t i on ,  and hence increased  upwash, associated with t ra i l ing-edge  de f l ec t ion .  
The improvement i n  t h e  wing f l a w  f i e l d ,  achieved by d e f l e c t i n g  the  e n t i r e  
wing leading  edge 30°, is accompanied by improvements i n  both t ra i l ing-edge  
f l a p  e f f e c t i v e n e s s  and leading-edge suct ion.  
Comparison of data for t h e  conf igura t ion  with (1 ) t h e  wing apex segment 
d e f l e c t e d  through 30° and a 45O Krueger f l a p  on the  outboard wing panel  and 
(2)  the e n t i r e  wing l ead ing  edge de f l ec t ed  through 30° s h w s  t h a t  t h e  l a t t e r  
leading-edge t rea tment  results i n  s i g n i f i c a n t  improvements i n  long i tud ina l  sta- 
b i l i t y  and performance and has no s i g n i f i c a n t  e f f e c t  on e i t h e r  t he  hor izonta l -  
and vertical-tail e f f e c t i v e n e s s  or the  s ta t ic  l a t e r a l - d i r e c t i o n a l  s t a b i l i t y  
cha rac t e r  istics . 
The improvements i n  fluw over the  outboard wing panel,  achieved by 
d e f l e c t i n g  t h e  e n t i r e  wing l ead ing  edge through 30°, r e s u l t e d  i n  increased  
a i l e r o n  e f f ec t iveness .  
Langley Research Center 
Nat iona l  Aeronaut ics  and Space Adminis t ra t ion 
Hampton, VA 23665 
May 25, 1979 
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TABLE 1.- DIMENSIONAL CHARACTERISTICS OF MDDEL 
Wing: 
Reference area. m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . .  1.875 (20.187) 
Gross area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . .  2.067 (22.25) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  1.89 (6.20) 
R o o t  chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  2.515 (8.252) 
T i p  chord. m ( f t )  . . . . . . . . . . . . . . . . . . . . . .  0.242 (0.794) 
Reference mean aerodynamic chord. m ( f t )  . . . . . . . . . . .  1.320 (4.331 ) 
Distance of l ead ing  edge of i5 a f t  of wing apex. 
m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.063 (3.487) 
Gross mean aerodynamic chord. m ( f t )  . . . . . . . . . . . . .  1.557 (5.109) 
Leading-edge s w e e p .  deg 
A t  body s ta t ion  0.574 m (1.883 f t)  . . . . . . . . . . . . . . . . . .  74.0 
A t  body s t a t i o n  2.141 m (7.024 f t )  . . . . . . . . . . . . . . . . . .  70.5 
A t  body s t a t i o n  2.827 m (9.277 f t )  . . . . . . . . . . . . . . . . . .  60.0 
Vertical t a i l :  
Area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . .  0.0327 (0.352) 
Span. m (ft) . . . . . . . . . . . . . . . . . . . . . . . .  0.171 (0.562) 
R o o t  chord. m (ft) . . . . . . . . . . . . . . . . . . . . .  0.0732 (0.240) 
Leading-edge s w e e p .  deg . . . . . . . . . . . . . . . . . . . . . . . .  59.0 
V e r t i c a l  f i n  ( t w o ) :  
Area. m2 ( f t 2 )  . . . . . . . . . . . . . . . . . . . . . . . .  0.084 (0.906) 
Span. m (f t)  . . . . . . . . . . . . . . . . . . . . . . . . .  0.147 (0.484) 
R o o t  chord. m ( f t)  . . . . . . . . . . . . . . . . . . . . . .  0.499 (1.637) 
T i p  chord. m (ft) . . . . . . . . . . . . . . . . . . . . . .  0.071 (0.233) 
Leading-edge sweep. deg . . . . . . . . . . . . . . . . . . . . . . . .  73.4 
Horizontal  t a i l :  
Area. m2 (ft2) . . . . . . . . . . . . . . . . . . . . . . . .  0.150 (1.613) 
Span. m ( f t )  . . . . . . . . . . . . . . . . . . . . . . . . .  0.457 (1.499) 
R o o t  chord. m (ft) . . . . . . . . . . . . . . . . . . . . . .  0.540 (1.772) 
T i p  chord. m (ft) . . . . . . . . . . . . . . . . . . . . . .  0.116 (0.380) 
M e a n  aerodynamic chord. m (ft) . . . . . . . . . . . . . . . .  0.372 (1.221) 
H o r i z o n t a l - t a i l  l ength .  m ( f t )  . . . . . . . . . . . . . . . .  1.467 (4.81 1 ) 
Leading-edge sweep. deg . . . . . . . . . . . . . . . . . . . . . . .  43.0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  -15.0 
16 
L 
Figure 1.- System of axes. 
n 
L- 1.467 (4.811) - 
4.355 (14.287) * 
a=Oo Reference line 
(a) Three-view sketch of model. 
Figure 2.- Dimensional character is t ics .  Dimensions are given i n  meters and 
parenthetical ly  i n  feet. 
b z 
B 
Pla in  leading-edge flap Krueger leading-edge flap 
(b) Sketch of outboard wing-panel leading-edge flaps. 






Figure 3.- Photograph of model mounted for tests i n  Langley V/STOL tunnel. 
L 
6.35 - 
(2 .5 )  - 19.05- , 
( 7 . 5 )  
Figure 4.- Sketch of  t u f t  mast and general  arrangement for  leading-edge upwash study. 





c m  0 
1 
. 3 I1I-!-dh 
-12 -8 -'4 0 '4 8 12 16 20 
O.DEG 
Leading-edge deflection, deg 
L1 L2 L3 L4 
0 M 0 0 45K 
0 0 0 0 0  
Cm 
O -0'4 -08 -12 -16 -20 -2'4 -28 
CD 
Figure 5.- E f f e c t  of de f l ec t ing  wing apex and outboard wing panel leading edge. 
WBVl ,2N; 6f = Oo. 
Leading-edge deflection, deg 
L1 Lz L3  14 
0 0 0 0 0  
~ ? Q O O O  
0 4 5  0 0 0 
1 .o- 1 
Q,DEG Cm 






0 a = 5  
0 a = 10 
0 a = 16 
1 = 0.20 b12 = 0.33 b12 -!?!- = 0.50 b12 -!?!- = 0.67 b12 1 = 0.88 b12 
L-79-184 










Leading-edge wing crank r 
/' 
d 
I I I t t 
2- 
bI2 
based on reference 10  
Figure 8.- Comparison of observed and calculated upwash a t  x/c = 0.01 9 







Leadinq-edge deflection, de9 
L1 L2 L3 L4 
0 0  0 0 0 
D M  0 0 0 
O M M M  0 
Figure 9.- E f f e c t  of def lect ing  main Wing panel leading edge (segments L1, L2, and L3). 
WBV1,2N; bf = Oo. 
.8' P 
- 
-12 -8 4 0 '4 8 12 16 20 
Q.DEG 






-12 -8 -Lf 0 Lf 8 12 16 20 
a, DEG 
0 .OLf -08 -12 -16 -20 -2Lf -28 
CD 
l oo ,  20°, and 30°. 
CD 
(b) Deflection of L4 = 30°, 40°, and 450K. 
Figure 10 .- E f f e c t  on longitudinal performance of deflect ing outboard wing panel 
leading edge (segment L4). WBV1,2N; 6f  = Oo; L1 = L2 = L3 = 30°. 
Cm 
Figure 1 1  .- Effect on longitudinal  s t a b i l i t y  of def lect ing  outboard wing panel 













-12 -8 -Lf 0 '4 8 12 16 
a I DEG 
Leading-edge deflection, deg 
L1 L2 L3 L4 
M 0 0 45K 
O M  M M  M 
0 0  0 0 0 
.12 .08 .OLf 
Cm 
i - .OLf 
0 . -0Lf -08 .12 .16 .20 .2Lf .28 
CD 
Figure 12.- Comparison of the e f fect iveness  of leading-edge deflect ions studied. 
WBVl ,2N; 6, = 0'. 
W 
0 
Trailing-edge flap deflection, deg 
11 '3 '5 
0 0  0 0 
0 20 20 20 
A 30 30 20 





0 -0'4 -08 -12 -16 -20 -2'4 -28 
CD 
(a)  Leading edge undeflected ( 6 z e  = Oo). 
Figure 13 .  - Trailing-edge f lap  ef fect iveness  for model with various leading-edge 
def lect ions .  WBVl, 2N. 
-.12  Trailing-edge flap deflection, deq 11 13 15 0 0  0 0 0 20 20 20 A 30 30 20 b 40 40 20 
(b) Deflected leading edge (6 le = 30°/00/00/450K). 




















Trailing-edge flap deflection. deg 
11 t3 15 
0 0  0 0 
0 10 10 10 
0 20 20 20 
A 30 30 20 
b 40 40 20 
I kl 
( c )  Deflected leading edge ( 6 1 e  = 3O0/3O0/3Oo/3O0). 










,-Assumed approach CL 
Leading-edge deflection, deg 
L1 L2 L3 L4 
0 0 0 0 
- - 3 0  0 0 45K - -  
-30 30 30 30 -- 
1 1 1 I 1 
.3 .4 .5 .6 .7 
cL 
Figure 14.-  Variation of leading-edge suction parameter with CL based on drag 













Horizontal tail Incidence, deg 
0 Off 
0 On -20 
0 On - 10 
A On 0 
b On 10 
Figure 15.- Horizonta l - ta i l  e f f ec t iveness  for model with var ious 




Horizontal ta i l  Incidence, deg 
0 Olf  
0 On -20 
0 On - 10 
A On 0 
b On 10 
1 .o 
C l . D E G  Cm 
(b) 61, = 30°/300/300/300~ 










c z B  
-. 002 
- .004 
- - -  
I I  I I I I I 
I I I I I I i 
Leading-edge de f l ec t ion ,  deg 
L1 L2 L3 L4 
0 0 0 0 
30 0 0 4 5 K  - - -- 





Figure 16 .- E f f e c t  of wing leading-edge d e f l e c t i o n  on l a t e r a l - d i r e c t i o n a l  




B O  
-.01 










c z B  
-.002 
-.004 
Horizontal and center- 
line vertical tail 
O f f  
on - _ _  
- 
-8 -4 0 4 8 12 16 
Q 9 deg 
Figure 17.- Lateral-directional character istics of configuration. 










Leading-edge deflection, deg 
11 12 =3 14 
30 30 30 30 
--- 30 0 0 45K 
I I 1 1 1 1 1 
-30 -20 -10 0 10 20 30 
6t6L, deg 
Figure 18.- R o l l  control  provided by def lect ing  l e f t  outboard a i l eron  
(segment t 6 L ) .  W B V ~ , ~ N ;  6f  = 0 0 ;  01 = 8O. 
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APPENDIX 
DATA SUPPLEMENT 
The t abu la t ed  data are presented i n  t h i s  appendix. A summary of t he  test 
program is given i n  table A l ,  and the data are given i n  table A2. 
The symbols used i n  t h e  data t abu la t ion  are defined as follows: 
ALPHA angle  of attack, deg 
BETA angle  of sideslip, deg 
CD drag-force c o e f f i c i e n t ,  s t a b i l i t y  a x i s  
b 
CL l i f t - f o r c e  w e f f i c i e n t ,  s t a b i l i t y  a x i s  
CPM pitching-mtnnent c o e f f i c i e n t ,  s t a b i l i t y  a x i s  
CRM rolling-moment c o e f f i c i e n t  , body a x i s  
CSF sideforce c o e f f i c i e n t ,  body a x i s  




TABLE A1 .- TEST PROGRAM 
Horizontal 
t a i l  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
0 




1 0  
-1 0 
-20 
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  




O f f  
O f f  
O f f  
O f f  
0 
10 













































1 0  
11 
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IO 
10 










































































































































































































































































































vert ica l  
tail 
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  









O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  
O f f  




O f f  
O f f  
O f f  











TABLE A2.- TABULATED DATA 
RUN 51 


















0 .00  
0.00 
0.00 





























- 5 . 0 0  





- 5 . 0 5  
-4.79 
-3.67 
-2 6 0  














14  53  
16.80 





- 5 . 8 0  
















1 2  a67 
1 6 - 1 4  
14.58 
















- 3 1 5 9  





a 6 4 8 6  
-7524 
- 8 6 7 1  






- . lo14  
-.0482 
-e0167 
- 0 1 9 3  
- 0 5 6 7  
a0960 
e1244 
e l 5 5 0  
0 2 0 3 9  
e2469 
-2884 
- 3 3 3 6  
.3736 
- 4 3 3 1  
4 760 
e5200 
- 6 2 5 7  
.7338 
e 8 2 5 9  











- 0 1 9 3  
-0213 
e0246 





- 0 8 4 6  
-1034 
. 1 2 1 2  
-1640 
.2181 
- 2 9 0 1  
C D  
- 0 5 3 5  


























. O O B 3  
-0103 








02  45 
a0244 



























-03  30 
.0455 































- e 0 0 6 8  
- a 0 0 5 4  
-.0041 
-.0020 
- . 0008  















































-a0004 -. 0007 










- e 0 0 4 0  
-e0051 
-e0056 
-e0062 - e0060 - 0054 
CSF 
0043 
-e0044 -. 0075 
-a0038 















e 0 0 3 3  
.0016 



























TABLE A2.- Continued 
RUN 53 
































0 .00  
0.00 
0.00 
0 .00  
0 .00  
0.00 
0.00 
0 .00  
0.00 
0.00 
0 .00  












































































































C D  CPM 
-0512 
a0436 



































































- 0 7 6 2  
0960 
-1175 









































































- . 0008  
00003 





































































































TABLE A2.- Continued 
RUN 57 




















































R U N  





























































































0 5 5 2 3  
-6143 






























































































































































C Y M  
.0002 
.0000 -. 0000 
-.oooo 





















- e 0 0 0 3  -. 0002 









































- . 0 0 0 5  
a0016 
.0018 -. 0002 
- e 0 0 2 6  
C S F  






0023 -. 0029 
-e0043 





- . 0 0 3 4  
-00031 




-00057 -. 0046 
43 
I -  
APPENDIX 
TABLE A2.- Continued 
RUN 59 









.Ol . 01 
01 
.Ol 





0 .00  




















0 . 0 0  
0.00 
0.00 -. 01 












-2 ~ 7 1  
-1.61 















A L P H A  
-9.73 













































. 8080  
.E788 
.9354 




















































































- 0 0 5 9 8  
























- e 0 4 8 0  



































- e  0009 












































-000  3 
-.0001 
00015 
- 0 0 0 3  
0005 

























C S F  
























C S F  
-.0013 
-00017 
- e 0 0 0 4  








-00025 -. 0020 
- e 0 0 4 0  
-.0021 










TABLE A2.- Continued 
RUN 61 













































-.Ol -. 01 -. 01 
-.01 


















































C L  
-e1945 
-e1205 
- . O B 4 5  
-.0286 
e0061 























- . 0 5 6 8  
-.0021 
-0410 








. 4 4 4 6  
.4749 
.5202 






. E 8 6 8  
C D  CPM 











- 0 5 8 4  
-0758 



















e 0 3 5 0  






- 0 6 4 5  
.0746 
-0838 

































































































































C Y M  
.0008 






























-e0015 -. 0020 
-.0028 







- e 0 0 3 8  
-e0030 
- e 0 0 5 0  
-.0035 
-e0033 
-e0017 -. 0012 
-.0020 
C S F  
-.0014 
- a  0025 






















TABLE: A2.- Continued 
RUN 63 


















































































- 3  e72 
-2.75 








































C L  






















































~ 0 4 6 5  



































































C R H  
-0005 
-0007 





























































- 0 0 0 0 5  - 0002 
-.0001 






C S F  
e0007 











- .0020 -. 0040 
-.0022 
- e  0054 


































TABLE A2.- Continued 
RUN 65 



































0 . 0 0  
0.00 
























































































































































. 0 2 8 8  
.0317 











































































































- . 0 0 0 8  
-.0017 




- e 0 0 0 5  
-.0004 























. 0 0 0 5  








0003 -. 0001 


































































































































































C L  
-.3603 
-e3072 -. 2427 





























- . 0 3 4 9  
e0062 
.0395 
























































































































































e 0 0 0 5  
-0006 















~ 0 0 0 5  






































e 0 0 0 4  
.0014 
,0025 




- e  0003 
0007 














































TABLE A2.- Continued 
RUN 80 






























































































































C L  
-.3383 
-e3079 -. 2 560 



























































































. 0 5 0 3  
-0586 
e0705 





















































-e0066 -. 0046 
-e0038 
-.0016 

























- 0 0 0 5  
0006 
















C Y M  
-0032 
e0033 





















- a 0 0 0 6  
























- e  0 0 0 5  



























B E T A  
5.00 






















5 . 0 0  
RUN 83 























-.01 -. 01 



































































































APPEND I X 
TABLE A2.- Continued 
















































e 2 2 4 4  
.0982 




























































































































0 0 0 5 5  






































-.0201 -. 0193 
-e0195 
-e0197 











. 0 0 0 5  























TABLE A2.- Continued 
RUN 87 
B E T A  
0.00 
0.00 






















R U N  88 
BE T A  
-5.00 
- 5  00 
- 5 . 0 0  
- 5  00 
- 5 . 0 0  
-5.00 
-5 .00  
-5.00 
-5 -00 
- 5  00 
-5.00 
-5 .00  
-5.00 
- 5 . 0 0  
-5  00 
-5.00 
-5.00 
- 5 . 0 0  
-5.00 
-5  00 
-5.00 
-5.00 




















































C L  C D  CPM 
-.3524 
-e2442 









































. 4 3 4 8  
































































































- 0 3 0 4  









































































- 0 0 0 3  
,0001 
e 0 0 0 5  
.0002 
.0011 




























































































































































































- 0 4 3 5  
- 0 7 6 9  
0 1 2 1 7  
- 1 5 5 9  
. l e 9 4  
0 2 3 1 9  
- 2 6 7 6  
e3141  
0 3 5 2 7  
.3947 
- 4 2 3 0  
-4678  
e5521  
- 6 3 1 7  
. 7 0 3 7  









- 0 4 2 6  
.0795 
e l 2 0 0  





0 3 6 1 1  
,3935 











- 0 4 3 3  


























- 0 3 1 5  
00275  




- 0 2 1 7  
e0235 
e0259 






0 0 8 5 9  
- 0 9 8 9  
.1340 
- 1 7 5 1  










.O l01  
0 1  30 
00153  
01 74  
.0181 
e0191  




































e 0 0 8 5  
0 0 0 7 0  




























- 0 0 0 7  
e0005 
-0003 























- 0 0 0 1 7  
-e0015 
-.0011 
- 0 0 0 0 6  
-e0005 

















- 0 0 0 0 3  
-so003 
-.0002 -. 0001  






































C S F  





.0001 -. 0004  
.0002 -. 0002 















TAB= A2.- Continued 
RUN 91 
B E T A  




-5 .00  
- 5 . 0 0  




- 5 . 0 0  
- 5 . 0 0  
- 5  e 00 
-5.00 
- 5  00 
-5 .00  
-5.00 




- 5 . 0 0  
-5 .00  
-5  00 
RUN 92 














































1 2  - 5 4  











- 2  73 

























- 0 0 7 2  
e0440 
- 0 7 5 1  
.1181 
1 5 2 7  
.196Q 
0 2 3 4 3  
2 748 
,3170 
- 3 5 5 1  
.3874 
- 4 3 2 6  
- 4 6 5 0  




















- 3 1 5 8  
.3474 
.3939 
- 4 2 8 9  
.4548 
,5449 
- 6 1  83 
- 7 0 0 1  
C D  CPM C R M  
-0658  









- 0 2 0 5  
.0253 












C D  
- 0 6 5 0  
,0445 
- 0 3 1 0  
-0266  























-e0107 -. 0078 
-e0057 





0 1  26 
e0147 
0 1  67 
e0183 
.0202 















- 0 0 0 6  
e0029 
00 46 
- 0 0 9 1  
-0109  
.0128 
0 1  38 
-0156 












-e0033 -. 0026  
-e0013 
- . 0 0 3 8  
.0003 
e0013 






- 0 0 8 5  
.0102 
- 0 1 0 9  
-0114  




- 0 1 4 9  
C R M  
-0095  
- 0 0 7 4  
-0065  
































e 0 0 2 6  
- 0 0 2 6  
e0023 
.0018 






. 0004  
00 16 
-00 30 
- 0 0 5 1  





















- 0 0 0 5  
e0034 




- 0 1 8 7  




- 0 1 4 8  





0 0 1 5 9  
- 0 1 5 6  
-015% 
a0146 
- 0 1 5 3  
- 0 1 6 5  
- 0 1 6 3  
- 0 1 7 3  
.01e8 
a0199 







- 0 0 1 9 8  
-e0190 
- .o leo 
















TABm A2.- Continued 
RUN 99 


































































































-.2759 -. 2265 
























































































































~ 0 0 4 1  
.0059 










- 0 3 3 2  
-0363 

















































C Y H  
e0004 
0003 


























































































TABLE A2.- Continued 
RUN 101 














5 .00  
5.00 
5.00 
5 .00  
5.00 
5.00 
5 . 0 0  
5.00 
5 . 0 0  
RUN 102 
B E T A  
0 .00  
0.00 




0 . 0 0  
0.00 
0 .00  
0.00 
0.00 
0 .00  
0.00 
0 .00  
0 .00  
0.00 
0.00 
0 .00  
0 . 0 0  
0.00 














- 0 6 4  




































12 .61  









1 0 4 0  
-e0547  
-e0132 
e 0 3 8 0  
~ 1 0 6 1  
- 1 4 7 6  
e1826 
2 6 2 1  
e2930 
e3429 
- 4 0 9 8  












- .0697  
-e0230 
. 0 3 0 1  
- 0 6 6 2  
e0935 
e1328 
- 1 6 4 0  
. 2 0 8 1  
- 2 4 8 2  
m2876 
.3337  
- 3 6 5 0  




- 5 6 1 1  
e6426 
,7184 
C D  cpn C R M  
,0814 
e0704 
- 0 5 9 0  
e0499 





- 0 2 3 7  
m0238 
- 0 2 5 1  
- 0 2 7 3  
e 0 3 4 0  
- 0 3 8 5  
0449  
e0520 
0 0 6 0 7  
- 0 7 2 9  
e1014 
0 1 4 7 3  
.0237  
C D  
e0705 
m0574 
- 0 4 8 5  





- 0 2 0 9  
- 0 2 3 4  
,0209 
.0228 
- 0 2 5 5  
02 90  
- 0 3 9 2  
e0462 
- 0 5 3 6  






- 1 5 8 8  
e2038 
- . O l B O  
- .0132 
- . 0 0 8 0  
- . d o 4 4  
- .0035 
m0005 





0 1  75 
e0190 





- 0 3 7 1  
.0460 
-0583 
C P M  
-e0268 
- .0190 









- 0 1 4 0  
0 0 1 6 1  
.0165 
.O l67  
0 1  79  
- 0 1 8 7  
.0202 
.O221 
- 0 2 4 9  
- 0 2 7 4  
- 0 2 4 2  
e0402 
e0524 
- 0 6 9 1  




- 0 0 5 3  































. 0011  
.0006 
.0008 
e 0 0 0 4  
e 0 0 0 6  
e0003 
. 0001  

















- e  0004 -. 0000 
e 0 0 0 4  
40007 
a 0 0 0 7  
0005 





c r n  
-a0006  






- e 0 0 0 4  
- . 0001  
- . 0 0 0 4  











- 0 0 0 4  
- .0008 















- 0 0 1 7 8  
- .0188 












. O O l O  
0058  
002 3 
- 0 0 2 3  
- 0 0 2 5  
- 0 0 2 6  
e0031  
. 0 0 2 1  
. 0 0 2 1  








0 0 7 1  
- 0 1 5 4  
. 0032  
55 
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TABLE A2.- Continued 
RUN 103 


















































0 .00  






















1 2 - 5 1  
16.69 
14.62 

























C L  
-.3484 





































. 2 4 0 8  
e2818 
























































e l 5 5 1  
1996 







































































































































- .0002 -. 0001 
-e0003 
.oooo - 0004 
-.0001 


























- roo22  
- .0020 -. 0020 





C S F  
-00032 -. 0040 
-e0017 -. 0040 
-00032 
-e0029 


















TABU A2.- Continued 
RUN 105 


























































































3 . 3 4  



































C L  
-.3344 






















































































































- 0 5 5 8  
e0453 
06 70 
























- a 0 0 0 9  






































. 0 0 0 2  









~ 0 0 0 7  























- 0 0 0 5  
.0004 




















- 0 0 0 7  
- . 0 0 2 2  -. 0006 
.0040 
-0125 
C S F  






























































- 5  00 
-5.00 
-5.00 

































0 . 4 5  
9.55 



































- e  1293 
-.OB81 
-.0425 
















C L  





- e  1053 
- . 0 5 6 0  


















































































e 0 2 3 2  







e 0 4 4 8  
























































































































-.0011 -. 0009 
-e0027 
C S F  
-e0309 
-e0302 
- e 0 2 8 7  
-e0275 
















































TABIB A2.- Continued 
RUN 110 



























































-3  - 8 6  
-2  7 0  
-1 -68  
- 0  7 1  
30  
1.33 







9 . 5 1  
12 .49  
10 .53  
14 .63  

























16 .63  
10 .45  
C L  
- e 3 6 2 6  
- e 3 2 1 6  
- .28B1 
- e 2 3 7 3  -. 1 8  6 2  
- 0 1 4 2 1  
- 0 1 0 3 6  
- e 0 5 4 2  
-e0116 
- 0 3 1 1  
e 0 7 4 3  
0 1 1 4 8  
1 5 0 5  
e 1 9 2 2  
0 2 3 1 0  
- 2 6 7 2  
.3013 
.3389 
3 7 1 9  
- 4 2 3 5  
e 4 5 1 2  
- 5 3 2 3  
e 6 2 0 9  
7 2 0 8  
C L  
3 6 2 9  
- e 3 1 7 1  
- . 2 7 1 6  
- a 2 2 4 5  
- . l e 0 5  
- . 1 4 6 0  
- e 0 9 5 5  
- .0595 
- .0110 
. o z 2 2  
, 0 2 8 0  
e 0 6 8 9  
e 1 1 5 5  
1 6 2 4  
e 1 9 6 4  
e 2 3 4 4  
a 2 7 0 9  
3 0 6 2  
a 3 8 7 6  
- 4 1 9 4  
.4 5 6 2  
.5354 
- 6 3 1 0  
~ 7 2 1 7  
- 3 4  1 7  
c o  
a 0 7 8 6  
0 6 6 8  
e0484 
e 0 4 0 8  
- 0 3 4 7  
-0302 
- 0 2 6 0  
e 0 2 3 6  
- 0 2 2 6  
.0584 
- 0 2 2 7  
e 0 2 3 4  
- 0 2 4 9  
- 0 2 7 6  
0 0 3 1 2  
- 0 3 5 2  
- 0 4 0 4  
- 0 4 6 3  
e 0 5 4 2  
e 0 6 4 9  
e 0 7 5 8  
1 0 5 4  
- 1 4 6 7  
- 2 0 4 1  
C O  
- 0 7 7 6  
0 6 6 5  
- 0 5 6 8  
a 0 4 7 2  
-0400 
e 0 3 4 0  
e 0 2 9 4  
e 0 2 3 4  
-0262 
- 0 2 2 9  
- 0 2 3 4  
- 0 2 3 5  
- 0 2 4 3  
- 0 2 5 8  
- 0 2 9 1  
e 0 3 2 0  
e 0 3 6 4  
e 0 4 1 7  
- 0 5 6 4  
- 0 6 5 0  
0 1 0 6 9  
1 9 8 5  
- 0 4 6 6  
- 0 7 6 8  
- 1 5 0 5  
C P M  
- e 0 1 6 7  
- e 0 1 0 7  
- .0075 
- e 0 0 2 6  
- 0 0 0 7  
- 0 0 2 7  
e0043 
m0084 
0 0 9 3  
- 0 0 9 8  
.0128 
0 1  38  
0 1  58  
0 1  7 9  
e0192 
- 0 2 1 4  
- 0 2 4 4  
- 0 2 9 2  
e0318 
- 0 4 1 8  
e0504 
.0072 
- 0 2 5 3  
- 0 7 0 9  
C P M  
-e0230 
- e 0 1 6 0  
- .0102 
- e 0 0 6 3  
- .0026 
- .0002 
- 0 0 3 5  
- 0 0 5 6  
- 0 0 0 9  
.0060 
-0076'  
- 0 0 9 7  
.0112 
.0128 
- 0 1  45 
- 0 1 6 7  
0 1 9 1  





- 0 5 0 8  
- 0 6 9 7  
e0070 
C R M  
a0045 
- 0 0 4 3  
- 0 0 4 0  
- 0 0 3 6  
e 0 0 3 3  
e 0 0 4 6  
a 0 0 3 1  
.0032 
e 0 0 3 4  
e 0 0 3 5  
moo35 
a 0 0 3 2  
0 0 4 0  
- 0 0 3 4  
- 0 0 4 1  





. 0 0 4 l  
e0032 
e 0 0 2 4  
, 0 0 2 4  
C R M  
e0060 
0 0 6 2  
e 0 0 5 7  
- 0 0 6 0  
.0053 
e0050 
a 0 0 3 1  
moo30 
a 0 0 3 7  
- 0 0 3 5  
. 0 0 6 5  
, 0 0 5 3  
e 0 0 5 9  
e0055 
moo51 
- 0 0 5 7  
-0053 
e 0 0 5 0  
- 0 0 5 2  
- 0 0 5 7  
,0048 
- 0 0 4 9  
- 0 0 4 6  
e 0 0 4 2  
a0032 




. O O l O  
.0011 
- 0 0 0 9  







e 0 0 1 1  
.0011 








C Y M  
.0002 
. O O O l  
.0001 
. O O O l  
.0002 
.0001 
. O O O l  - .oooo 
- . O O O l  
-.OOOl 
. 0 0 1 1  
, 0 0 1 3  
. 0 0 1 0  
- 0 0 1 4  







- e 0 0 0 7  
- e 0 0 0 7  
- . O O l O  
- .0001 
C S F  
-a0024 
- e 0 0 1 9  
-.0010 






- 0 0 0 3  
.0012 
- e 0 0 0 5  
-.0002 
- e 0 0 1 6  
- e 0 0 1 6  
- e 0 0 1 9  
~0003 
- .0002 -. 0 0 0 6  
0006 
. 0 0 2 0  
e 0 0 1 7  
, 0 0 7 7  
- 0 1 7 3  









.0002 -. 0 0 0 6  
-e0036 
- e 0 0 3 2  




- e 0 0 3 9  









TABLE A2.- Continued 
RUN 112 





































































































C L  
-.3554 -. 3096 
-02732 
-02270 



















C L  
-.3746 -. 3241 
-e2852 




























































































. 0 2 8 8  
.0668 
,0003 
C P N  







































































~ 0 0 3 8  
.0037 




































































































TABLE A2.- Continued 
RUN 






















































B E T A  
0.00 
0.00 
0 .00  
0.00 
0.00 











































































































































































- 0 7 8 2  
CPB 






































e 0 0 3 7  






















































































C S F  
-e0015 
-.0020 
































- . 0038  
-e0052 
- e 0 0 4 7  
-e0052 
-00055 










TABLE A2.- Continued 
RUN 116 


























B E T A  
5 .02  
5.02 






5 . 0 2  
5.02 
5.02 





















-2 - 8 8  
-1 ~ 7 9  
-.a1 
















































- 0 2 5 6  
- 0 7 7 9  
- 1 0 3 1  
e1400 
. l e 5 0  
- 2 2 3 0  
e2603 





- 6 3 0 3  
,3662 
-7109 













- 1 4 2 1  
e1885 
. 2 2 2 2  
-2525 
-2836 
- 3 3 2 1  
- 3 6 1 1  
-4147 
.4493 
. 5303  
a6301 







- 0 3 0 1  
a0272 
e0236 
- 0 2 2 3  
0 0 2 1 9  
. 0 2 2 8  
e0242 
e0267 
- 0 3 0 0  
- 0 3 4 3  
-0388 






- 1 9 8 3  







a 0 2 9 2  
e0260 
a 0 2 3 4  
02 16 
- 0 2 1 3  
e 0 2 2 3  
00236 












- 0 0 5 4  
00 76 
.0102 
- 0 1 2 5  
-0149 













- 0 3 4 4  
~ 0 3 6 5  
e0440 
e 0 5 2 8  
-0649 






9 0 1  07 





~ 0 1 7 5  
e0187 
-0214 
. 0 2 2 0  
e 0 2 3 4  








C R f l  
-0027 
e0025 













. O O l t  
.0012 
e0014 
e 0 0 1 5  





























- . i l l 7 2  
C Y f l  
.0001 




e 0 0 0 3  
.0002 
.0001 
0003 -. 0000 
0004 
e 0 0 0 5  
.0005 











C Y M  











- 0 0 4 2  
e 0 0 4 3  
e0047 














- e 0 0 1 3  



















C S F  
- e 0 3 5 3  
-.0348 
-e0335 
- . O i l 1 8  
-.0300 
-e0262 





- e 0 2 4 6  
-a0245 
- . 0 2 4 0  
- e 0 2 5 2  
-e0262 




- e  0050 
0056 
- . 0 2 3 0  
62 
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TABLE A2.- Continued 
R U N  118 














































R U N  
B E T A  
0.00 
0.00 








0 .00  
0 . 0 0  
0.00 
0 .00  
0.00 
0.00 
0 .00  




0 . 0 0  
0 .00  










































































































































































-.0093 -. 0079 
-e0049 















































- e 0 0 2 6  
-e0027 
-a0029 












- . 0 0 4 2  

















~ 0 0 0 6  
































C S F  
-.0021 
-.0003 
































































































































































- 4 0 3 8  













TABLE A2.- Continued 
c o  
0686 
a0612 












. 0 5 4 4  
-0844 










































































- . 0 4 9 3  
- a 0 4 1 5  
- e 0 3 4 3  
-a0173 -. 0000 
-0192 















































-.0001 -. 0006 
-.0001 
C Y  M 
-0005 
.0002 





e 0 0 0 5  
.0002 
- 0 0 0 5  
0009 













C Y f l  
































- e 0 0 2 4  




- e 0 0 2 5  
-e0016 
-.0016 







C S F  






- . 0 0 2 8  
- .0027 -. 0021 










































R U N  123 






















0 .00  
0.00 
0.00 
































































































































































- . 0 3 2 9  
-e0310 












C P M  
-.0377 
- e 0 3 2 4  
-.0311 
-.0279 




























~ 0 0 0 6  









































C Y M  























C Y M  
-.0004 -. 0002 
-.0001 



















C S F  
0025 
- . o o z e  
-00019 










- e 0 0 2 4  













-0003 -. 0000 



















TABLE: A2.- Continued 
RUN 124 






































































































































































































































































































































C Y M  
-moo06 












- e 0 0 0 3  










C S F  
-*0014 
-.0021 

















































TABLE A2.- Continued 
RUN 126 
BE T I  
0.00 
0 .00  
0.00 
0 .00  
0 .00  






0 . 0 0  
0.00 
0.00 
0 .00  
0 .00  
0 .00  
0.00 
0.00 
0 . 0 0  
0 .00  
0 .00  
0 . 0 0  
0 .00  
RUN 127 
BETA 
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 . 0 0  
0 .00  
0.00 
0.00 
0 . 0 0  
0 .00  
0 .00  
0 .00  
0.00 
0 . 0 0  
0.00 
0 .00  
0 .00  
0.00 
0.00 
0 .00  
0 .00  















































































































































































C P f l  
-.0100 
-.0064 -. 0036 
-moo03 
.0012 

































































- . 0 0 0 8  
C Y f l  
-e0003 
- e  0006 
-e0007 
- e 0 0 0 3  -. 0006 
- .0004 
-. 0006 - e 0 0 0 3  
- .0006 - 0004  
,0003 











- a 0 0 0 5  
- 8 0 0 0 8  
C Y f l  
- . 0002  
-e0006 
- . 0006  
- a 0 0 0 6  
-.0005 
0009 
















- e 0 0 0 4  
C S F  












- e 0 0 0 2  
e 0 0 0 3  
-a0005 
-e0019 
-.0010 -. 0001 









- .0020 -. 0001 -. 0002 
.0004 
-.0018 














B E  T I  
0.00 
0.00 
0 . 0 0  
0.00 
0.00 

















0 .00  
0.00 
R U N  















0 .00  
0.00 
0.00 
0 .00  






A L  P H I  





































































































TABLE A2.- Continued 



















































































































































C Y M  
























C Y R  
0007 
































- e  0024 
-.0001 
-e0013 

















































































































TABLE A2.- Concluded 






























- . 0 5 2 1  
-e0503 
- e 0 5 0 2  
- . 0 4 8 4  
- .0465 
-e0451 -. 0430 






































C Y M  
-.0002 












.0001 -. 0002 
-.0001 





- s o 0 0 7  
.OOOl 




- e  0024  








- a 0 0 2 0  
- .0022 
-a0027 
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